To balance conflicting demands for food and safety from predation, foraging individuals trade off time between feeding and safety by vigilant behavior. We studied the behavior of red foxes (Vulpes vulpes) and pine martens (Martes martes) scavenging at carcasses of moose (Alces alces) killed by wolves (Canis lupus) in Sweden. Red foxes were observed visiting carcasses more often and at a higher frequency than pine martens, which restricted carcass use to certain habitats. Both species followed a similar daily and seasonal activity pattern. The seasonal peak of scavenging, in April for pine martens and April-May for red foxes, showed that remains of wolf-killed prey are likely an important food source for both of these species during reproduction. Pine martens displayed an overall higher level of vigilance and a lower level of feeding than red foxes. Vigilance by pine martens was affected by habitat, visibility, and vegetative cover at carcass sites. Pine martens did not display increased vigilance during time periods of high red fox activity and there was no effect of the time of day. Our study showed support for the importance of interspecific predation risk leading smaller predators to trade off foraging for increased vigilance, but habitat characteristics affected vigilance patterns more than the mere presence of a larger predator.
Ecosystems consist of several levels that integrate through complex trophic dynamics and community organization. Predator species can be regarded as having different roles in different areas, for example, as a top predator in one location but as a mesopredator in another, depending on the cooccurrence of other predators. It has been suggested that smaller, subordinate species coexist with larger, dominant guild members through temporal partitioning of habitats and resources (Pianka 1974; Harrington et al. 2009 ). In multipredator communities, competition or predation limits mesopredator abundance because many individuals suffer a reduction in fecundity, survivorship, or growth as a result of intra-or interspecific resource competition or direct interference competition (Watts and Holekamp 2008) . Food choice, habitat selection, and time have been suggested as the most important niche dimensions in interspecific resource partitioning (Pianka 1969; Schoener 1986; Ritchie and Johnson 2009 ), but recent studies have shown that it may be more complex than previously considered (Cozzi et al. 2012) .
Periods with increased levels of interspecific competition are expected to foster niche narrowing, and sympatric species are therefore expected to reduce their resource overlap by selecting different habitats, shifting to different diets, or displaying different patterns of activity (Guthrie and Moorhead 2002) . Predation by top predators on intermediate predators reduces competition through a numerical effect on intermediate predators, but should also lead to a change in the behavior of the targeted species (Kimbrell et al. 2007) . Vigilance is typically related to antipredator behavior by reducing predation risk at the expense of time spent foraging (Caro 1987; Rasa 1989 ) and thus has an immediate effect on fitness.
Mammalian predators confront many natural threats, including both intraguild predation and food theft (kleptoparasitism), w w w . m a m m a l o g y . o r g by members of their own and other species (Caro and Stoner 2003) . The most frequently described interspecific predation among mammalian predators involves canids and felids as the aggressors and smaller-sized canids, felids, or mustelids as the victims (Palomares and Caro 1999) . The red fox (Vulpes vulpes) and the pine marten (Martes martes) are 2 common, small to medium-sized sympatric carnivores in the boreal ecosystem. Although these 2 species commonly share similar food resources (Lanszki et al. 2007 ), the red fox actively pursues and kills pine martens to the extent that predation by red foxes has been documented as limiting the population growth of martens (Lindström et al. 1995) . Red foxes exploit a wide range of habitats (Weber and Meia 1996) , whereas the pine marten is more selective regarding forest age, composition, and structure (Lindström 1989; Brainerd and Rolstad 2002 ; but see review in Virgós et al. [2012] that indicates a greater habitat flexibility) and avoids open areas with an apparent increased risk of predation (Storch et al. 1990; Brainerd and Rolstad 2002; Rondinini and Boitani 2002) . In the context of interspecific competition, the pine marten as a habitat specialist, in combination with its smaller size, has the role of the subordinate species in relation to the red fox. Thus, these 2 species serve as good research subjects for investigating the importance of interspecific predation risk on vigilant behavior where intraguild predation may result in resource partitioning and niche differentiation (Rosenzweig 1981; Ricklefs et al. 1990) .
Scavenging may be an alternative food resource for carnivores during times of prey shortage, under stressful environmental conditions, or during other critical periods. Both red foxes and pine martens may therefore benefit from utilizing carcasses of prey killed by larger predators. In this study, we investigated whether differences in predator size affect the pattern of predator scavenging and behavior. Specifically, we examined scavenging patterns of red foxes and pine martens at wolf-killed (Canis lupus) moose (Alces alces) in terms of frequency of visits, and daily and seasonal activity patterns. We also investigated patch use and fine-scale behavior of feeding by pine martens and red foxes with particular interest in vigilance. We hypothesized that the red fox is the dominating scavenger as indicated by the frequent killing of pine martens (Lindström et al. 1995) in combination with the more restricted use of habitats demonstrated by the pine marten (Brainerd and Rolstad 2002; Rondinini and Boitani 2002) . If predation by red foxes constitutes a major limiting factor for pine marten access to carcasses, we predict the activity patterns of the pine marten will be different from that of the red fox. Also, we predict pine marten vigilance at carcasses will be related to the probability of encounters with red foxes. Finally, we predict the location of carcasses in relation to habitat will be more important for the pine marten than for the red fox, a pattern that not necessarily need to be linked to predation risk by red foxes on pine martens. We used data on behavior of red foxes and pine martens collected by motion-triggered cameras mounted close to carcasses of moose killed by wolves.
MATERIALS AND METHODS
Study area.-The study was carried out in 8 wolf territories in south-central Sweden (59830 0 -61800 0 N, 12840 0 -16830 0 E). Norway spruce (Picea abies) and Scots pine (Pinus sylvestris) were the dominant tree species, and birch (Betula pubescens and B. pendula) and aspen (Populus tremula) occurred in various mixtures. Most of the forests were managed for a mosaic of stands of different age classes. The climate was characterized by continental climate with average temperatures of À58C in January and 158C in July (Vedin 1995) . The ground was usually snow covered between late November and early April with a mean snow depth of 20 cm in mid-January (Dahlström 1995) . The time period for days with frost was mid-September to mid-May (Dahlström 1995) .
In the 1980s, the pine marten population increased and expanded into areas where they had not been previously observed (Storch et al. 1990 ). During the same period, the density of the red fox population decreased dramatically due to an epizootic of sarcoptic mange (Lindström 1991 Wolves successfully reproduced in south-central Scandinavia (Wabakken et al. 2001) in 1983, and during the 1990s the wolf population increased in both numbers (29% yearly increase- Wabakken et al. 2001) and range. By the winter of [2008] [2009] , the total population in Sweden was estimated to be 166-185 wolves (25 packs and 11-15 pairs- Wabakken et al. 2009 ). Moose is the main prey both in number and biomass for wolves throughout the year (Sand et al. 2005 (Sand et al. , 2008 .
Recording scavenging species.-We used 2 different camera systems (STC-WD2-IR, Stealthcam; Grand Prairie, Texas; and Superkameran-II; LOKE Special Electronics, Skinnskatteberg, Sweden) to record scavenging patterns of red foxes and pine martens at remains of wolf-killed moose, from October to July 2007-2009. The Superkameran-II cameras were programmed to take 1 photo per minute irrespective of movement with invisible infrared light during nighttime. The Stealthcams (STC-WD2-IR) were programmed to take 3 photos with 1-s intervals every minute when triggered by movement. Because red foxes reacted to the weak visible infrared light used in the Stealthcam brand, the light emitters were switched from those cameras to emitters with longer wavelength creating invisible infrared light (at LOKE Special Electronics). To determine the number of visits for the analysis, we used 1 photo per minute, and for the Stealthcam brand cameras we used either the 1st photo taken or the one with the highest number of identified individuals observed. Date and time were registered on all photos.
The Swedish Animal Welfare Agency approved camera monitoring of scavenging species (permit C 51/9). Permission for camera monitoring of moose carcasses on both state-owned and privately owned land was obtained from Carcasses of moose were found during field visits of locations from global positioning system-collared wolves (according to methods described in Sand et al. [2005] ) or reported from the public. Cameras were set up after wolves left their kill (. 2 km away from the carcass- Sand et al. 2008) . We mounted cameras in trees approximately 0.5 m above the ground and 2-4 m away from the carcass. The proportion of edible biomass consumed was visually estimated at the time of camera setup. Cameras were checked once a month to change memory cards and batteries and were removed when edible parts of carcasses were totally consumed. The number of days a carcass was monitored was defined as the time between camera setup and removal, excluding days when the camera system malfunctioned.
Scavenging pattern and activity.-We calculated the frequency of visits as number of visits per camera day per month. To investigate daily activity patterns we divided daily 24-h periods into 6 different time periods (0000-0359, 0400-0759, 0800-1159, 1200-1559, 1600-1959, and 2000-2359 h) . We used Pearson's chi-square test to analyze if the proportion of photos taken of pine martens and red foxes at carcasses differed among the time periods. A Spearman rank test was used to test for a correlation in presence between the 2 species among time periods.
Patch use.-We classified each carcass site according to the prevailing habitat type, including forest with age classes 0-20, 21-60, and 61-120 years and other habitats (lake or mire). Coverage by vegetation above the carcass was estimated by visual estimation of the percentage of cover in 2 categories: open (0-69%) or dense (70-100%). Horizontal visibility of carcasses was estimated from the 4 cardinal points by measuring the distance from which a carcass could be detected. This was done at 1.7-m height. Visibility was calculated as the average of all distances in the 4 directions and categorized as dense (0-14 m) or open (! 15 m). Coverage and visibility were measured at the time of camera removal to minimize disturbance when carcasses were being recorded. The effect of occurrence of red foxes at carcasses and type of habitat on the presence of pine martens was tested using logistic regression. We also tested the effect of habitat on the presence of red foxes at carcasses using logistic regression. To test if the number of visits per carcass per camera day by pine martens (excluding carcasses not visited by pine martens) was negatively affected by the number of visits by red foxes, we used linear regression.
Behavior when feeding.-We classified the behavior of animals in the photos in 3 categories: feeding, vigilant, or other behavior. Feeding was defined as a lowered head close to the carcass and vigilance as when the animal's head raised in an alert position (Atwood and Gese 2008) . Photos of animals moving in or out of the picture, climbing trees (pine martens only), or unknown behavior were classified as other behavior. Differences in behavior were assessed with Pearson's chi-square test (photos from all carcasses pooled). Using camera equipment may affect the behavior of the study species (Cutler and Swann 1999; Swann et al. 2004 ). Therefore, we determined how often red foxes and pine martens looked in the direction of the camera, as well as the other 3 cardinal points. Pearson's chi-square test was used to determine if red foxes and pine martens looked in the direction of the camera significantly more than expected (25%) when vigilant, indicating that the animals reacted to the presence of the camera.
A linear mixed model was used to analyze the effect of fox activity and time of day on the vigilance of pine martens. Vigilance by pine martens was measured as the proportion of photos classified as vigilant behavior per time period (as defined above and pooled for each carcass). We arcsine square root transformed the proportions to achieve a more normal distribution. We only used time periods with a minimum of 5 photos. Fox activity was classified as a continuous variable as the number of photos taken per time period per carcass. Fox activity and time of day were used as fixed factors whereas carcass identification was equal to the random effect that assessed variation among carcasses.
Finally, we also tested for differences in vigilance by calculating the proportion of vigilant behavior per feeding bout by pine martens and red foxes using linear mixed models with habitat, visibility, and coverage as fixed factors and carcass identification as a random factor. We defined a feeding bout as all photos taken within a maximum of 15 min from the previous. We only used feeding bouts with a minimum of 5 photos taken and calculated the proportion of vigilant behavior and arcsine square root transformed the dependent variable to achieve a more normal distribution. Statistical analysis was performed using the software SPSS (IBM Corp. 2012).
RESULTS
Twenty-six moose carcasses were recorded during a total of 1,518 camera days. The median number of days for camera set up was 4 days after a moose was killed (range ¼ 1-15 days). On average 60% (range ¼ 10-90%) of the total available moose biomass was consumed at the time of camera setup. The recording time period averaged 58 camera days (range ¼ 4-238 days) excluding 111 days (range ¼ 2-25 days) of recording at 10 carcasses with malfunctioning camera systems. A total of 15,463 photos were taken, of which 11,756 were photos of identified scavenging species including 4,008 photos of red foxes and 859 of pine martens. Nine photos of pine martens and 26 photos of red foxes where . 1 individual was present were excluded from the analysis of behavior.
Scavenging pattern and activity.-Twenty-one of the carcasses (representing 81%) were scavenged by red foxes and 10 (38%) by pine martens. Thirteen (50%) of the carcasses were scavenged by red foxes only and 2 (8%) by pine martens only. Three carcasses were not scavenged by either species. Eight carcasses were scavenged by both red foxes (n ¼ 2,496 photos) and pine martens (n ¼ 838 photos), but the 2 species were never documented on the same photo. On 57 (2%) occasions at the 8 carcasses scavenged by both species, red foxes visited the carcasses after the pine martens had left (median ¼ 7 h), but only on 8 (14%) occasions were visits within 1 h (range ¼ 13-33 min). On 55 (7%) occasions pine martens visited the carcass after the red foxes (median ¼ 4 h) and 14 (25%) of these occasions were within 1 h (range ¼ 3-57 min). The time of visit by red foxes and pine martens after a visit by the other species did not differ significantly (MannWhitney U-test, U ¼ 3.26, P ¼ 0.071).
Pine martens visited carcasses on average once per day from January through April, but rarely visited carcasses during the rest of the year (excluding August and September when no carcasses were recorded). Red foxes visited the most during spring (April and May,X ¼ 5 visits/day), an intermediate amount during winter (October-March,X ¼ 1 visit/day)), and few visits during summer (June and July [ Fig. 1]) .
The daily activity pattern differed significantly between pine martens and red foxes among the 6 time periods (v 2 5 ¼ 124.153, P , 0.001). Pine martens showed the highest activity between 2000 and 2359 h (32% of all visits), whereas red foxes were most active between 0000 and 0359 h (30% of all visits). Although the 2 species demonstrated a significantly different temporal pattern of the visits made to carcasses, there was a positive correlation in the timing of visits, that is, how these 4-h periods were ranked from highest to lowest activity (Spearman rank correlation, n ¼ 6, r ¼ 0.886, P ¼ 0.048; Fig.  2) .
Patch use.-The type of habitat at carcass sites (n ¼ 26) significantly affected the presence of pine martens because there was a higher proportion of visits to carcasses in forests 21-60 years old (70%, n ¼ 10) compared to forests 0-20 years old (15%, n ¼ 13) and forests 61-120 years old (33%, n ¼ 3; Table 1 ). The presence of red foxes at carcasses did not affect the presence of pine martens (Table 1) , nor was the number of visits by red foxes significantly related to the number of visits by pine martens (F 9 ¼ 0.588, R 2 ¼ 0.069, P ¼ 0.465). In contrast to pine martens, the presence of red foxes at carcasses was not affected by the type of habitat (Table 1) . Behavior when feeding.-Behavior at wolf-killed carcasses differed significantly between red foxes and pine martens, with martens being more vigilant (32% of the photos) than red foxes (22%), and feeding less (56%) than red foxes (68%), whereas other types of behavior were of similar frequency (12% for pine martens and 10% for red foxes [v 2 2 ¼ 50.826, P , 0.001; Fig. 3a ). On 99 (36%) of 275 occasions where pine martens showed vigilant behavior they were standing on their hind legs, thus further increasing their area of observation. The sample size did not allow for further comparisons of vigilance at Scavengers were recorded by movement-triggered cameras from October through July in south-central Sweden, 2007 Sweden, -2009 carcasses that were only visited by pine martens and those visited by both species.
Vigilant behavior was not caused by the presence of the cameras because pine martens looked in the direction of the camera in 33 (12%) of 275 occasions, which is less than expected (69 of 275 occasions, v 2 1 ¼ 15.599, P , 0.001). However, red foxes looked in the direction of the camera in 297 (34%) of 886 occasions, which is more often than expected (222 of 886 occasions, v 2 1 ¼ 15.327, P , 0.001). Thus, although less vigilant than the pine marten, the behavior of the red fox might have been biased by the presence of the camera. Therefore, we repeated the analyses of behavior by excluding vigilant behavior directed toward the camera for both species. To avoid bias from variation in the placement of the camera in relation to the carcass, we only used carcasses where both species were present for this analysis (8 carcasses, 3,063 photos). For this subsample of observations, differences in behavior between species were similar to the result based on the total data set. Pine martens were more vigilant (30%) than red foxes (19%) and they fed less (57%) than red foxes (72%), whereas other types of behavior were almost equally frequent (13% for pine martens and 9% for red foxes [v 2 2 ¼ 58.170, P , 0.001]).
Inspection of data revealed that differences in vigilance between red foxes and pine martens were affected by carcass site (Figs. 3b and 3c ). Vigilance by pine martens was not affected by red fox activity or by the time of day (Table 2) , but was dependent on habitat, visibility, and coverage at carcass sites (Table 3) . Pine martens increased their vigilance bỹ 130% in habitats with high (open habitat) compared to low (dense habitat) visibility. The corresponding figure for high versus low coverage was~88%. Vigilance by red foxes was not affected by habitat characteristics (Table 3 ).
DISCUSSION
Our study shows that red foxes visited a higher proportion of carcasses of wolf-killed moose and did so at a higher frequency than did pine martens. This was most likely a result of the broader habitat use by the red fox compared to the more habitat-specialized pine marten, allowing red foxes to find and utilize more carcasses. However, this also may be related to the higher density of red foxes compared to pine martens.
Pine martens exhibited more vigilant behavior than red foxes, but had neither an overall different daily activity pattern than red foxes, nor were pine martens more vigilant during time periods of high activity by red foxes. Our study shows some support for the importance of interspecific predation risk leading smaller-sized predators to trade off foraging for increased vigilance. However, our study habitat characteristics, including visibility around feeding sites, affected vigilance patterns more than the mere presence of a potential competitor and larger-sized predator. We do not know if the higher vigilance by pine martens in open areas was caused by the presence of red foxes. Presence of other predators such as lynx (Lynx lynx), golden eagles (Aquila chrysaetos), and other birds of prey also may affect the behavior of pine martens.
Carcass availability in a scavenger's home range is affected by habitat composition, because carcasses in preferred habitats will be more frequently used than carcasses in nonpreferred habitats (Jędrzejewski and Jędrzejewska 1992; Gese et al. 1996; Selva et al. 2005) . If the best feeding habitat also is the most risky, animals must make a trade-off between feeding and vigilant behavior (Lima and Dill 1990) . The restricted habitat use previously shown for pine martens (Brainerd and Rolstad 2002; Virgós et al. 2012 ) also was confirmed in our study because the location of the carcasses apparently limited their use. This pattern was not shown by red foxes, which exploit a wider range of habitats (Weber and Meia 1996) and red foxes appeared unaffected by visibility around carcasses. Nevertheless, in the preferred habitat for pine martens the habitat characteristics influenced their behavior with more vigilant behavior observed in open than in closed habitats. Pine martens are known to avoid open areas because of the increased predation risk in these habitats (Brainerd and Rolstad 2002; Rondinini and Boitani 2002) and our results confirm this pattern. None of our recorded carcasses was located in completely open terrain, but the effect of visibility and TABLE 1.-Effects of habitat (forest age in years) on the presence or absence of pine martens (Martes martes) and red foxes (Vulpes vulpes) at remains of wolf-killed (Canis lupus) moose (Alces alces; n ¼ 26), using logistic regression. For pine martens, we also tested the effect of occurrence (presence or absence) of red foxes. Presence of pine martens and red foxes at carcass sites were recorded with movement-triggered cameras in south-central Sweden, from October through July, 2007 July, -2009 coverage at carcass sites on the behavior of pine martens was still apparent. The similar daily activity pattern of carcass use shown by pine martens and red foxes did not support the theory of crepuscular or diurnal activity patterns by pine martens to avoid red foxes. However, the daily peak of activity was in the early night for pine martens, whereas red fox activity peaked late at night. Because pine martens were not proportionately more vigilant during time periods when red foxes were most active, this suggests they may not perceive the increased risk of encounters with red foxes as requiring a major change in their feeding behavior. In our study area, direct encounters with red foxes at carcasses where pine martens were present were probably very rare because visits by red foxes mostly occurred several hours after pine martens had left carcass sites. Also, there may be an interspecific transfer of information in sympatric carnivores as to the whereabouts of good feeding opportunities (Krebs and Dawkins 1984) , as for example when foxes are reported to follow European badgers (Meles meles) to good foraging sites (Macdonald 1987) . In this study, we once recorded a red fox and badger feeding together at the same carcass, but never red foxes and pine martens. However, in 25% of all their visits, the pine martens arrived at a carcass within 1 h after the red fox had left, which may indicate that the pine marten to some extent adopted a following strategy.
Animals commonly display different types of vigilance, which might differ in intensity and in the costs associated, depending on whether feeding is interrupted or not (Lima and Bednekoff 1999) . In dense habitats, vigilance is improved by an upright posture for smaller mammals (Sharpe and Van Horne 1998) . The display of overt vigilance, such as adopting an upright posture, might enable the animal to spot enemies at longer distances but also could serve as a signal to the predator deterring its attack (Scannell et al. 2001) . Our study showed that pine martens exhibited an upright posture during one-third of their vigilant time, thus very likely making a trade-off between time devoted to overt vigilance and consumption as an antipredator strategy. For red foxes, only 1 type of vigilant behavior occurred according to the photos taken. The lower level of vigilance shown by red foxes may be a direct response to several generations of zero or negligible wolf presence in Scandinavia (Wabakken et al. 2001) , albeit there has always been a predation risk from lynx and birds of prey. This may have caused red foxes to underestimate the predation risk from the reestablishing wolf population, as also has been shown in moose behavior (Sand et al. 2006) .
At temperate latitudes such as in northern and central Europe, large herbivore carcasses are usually available for very FIG. 3.-Behavior (%) of pine martens (Martes martes) and red foxes (Vulpes vulpes) calculated as a) all photos pooled, b) photos per carcass (mean 6 95% confidence interval [95% CI], n pinemarten ¼ 850 at 10 carcasses and n redfox ¼ 3,982 at 21 carcasses), and c) vigilance per feeding bout (mean 6 95% CI, using photos taken within 15 min from the previous one, n ¼ 296 time periods). Data were available from 15 different carcass sites. Behavior of pine martens and red foxes was recorded with movement-triggered cameras at wolf-killed (Canis lupus) moose (Alces alces) sites from October through July in southcentral Sweden, 2007 Sweden, -2009 long time periods during the cold season (Selva et al. 2003) . In our study, red foxes and pine martens continued to use carcasses several months after the time of death, suggesting that scavenging on wolf-killed moose constitutes an important food resource for these species. This may be especially important during spring, which usually is a critical period for survival and growth of reproducing animals and their newborn offspring (Clutton-Brock 1988) . In our study, pine martens utilized carcasses primarily during the late winter months (January-April) and did not rely on carcasses during the summer and early winter. Utilization of carcasses as an alternative food resource may relate to the abundance of the main prey of pine martens (e.g., rodents and birds). For example, the abundance of birds increases in early summer (Helldin 1999 (Helldin , 2000 . Red foxes were highly active at carcasses in April and May, a pattern also supported by previous studies (Selva et al. 2005; Sidorovich et al. 2005) , rarely scavenged during summer, and scavenged slightly less during the winter months than during April and May. The slightly earlier seasonal utilization period in scavenging by pine martens compared to red foxes in our study may reflect the time of parturition. Parturition in red foxes occurs slightly later in spring (April-May-Lindström 1981) than for pine martens (March-April-Zalewski 2001), which thus correlated with periods of peak activity at carcass sites. This suggests that the prime reason for the seasonal partitioning of scavenging may have more to do with reproductive timing and rearing of offspring than avoiding intraguild predation. Large-carnivore restoration may sometimes result in important ecosystem shifts by altering the quantity and timing of carrion available to scavengers (Wilmers et al. 2003) . Whereas carcasses resulting from natural mortality depend on the season, wolf-killed ungulates provide a more constant and predictable food resource for scavengers over the year (Wilmers et al. 2003; Selva and Fortuna 2007) . This pattern also is shown in our study area where presence of wolves reduced the seasonal variation of biomass from moose carcasses and more importantly increased it during spring (Wikenros et al. 2013) . Consequently, the steadily growing Scandinavian wolf population will likely benefit both the red fox and pine marten populations through increased food supply during certain or critical times of the year.
